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Remedial Technologies and Process Options 
Identification and Screening 
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Surface barriers Engineered 
single-layer cover 

Single-layer covers would consist of a designed thickness of a single 
type of material, which could include compacted soil, asphalt, concrete, 
or geomembrane. Covers could be used to isolate the SDA source term 
and provide either short-term or long-term protectiveness. The following 
items are different types of single-layer covers: 

Soil layers could use either nahiral clay or a bentonite-soil blend. 
Clay properties such as plasticity index and particle size gradation 
would be specified to achieve permeability requirements. Soils 
would be compacted, as required, to provide consistency and 
achieve performance requirements. Granular soils (i.e., sands and 
gravels) could also be used to provide a physical barrier. 

Asphalt is a common cover used to control and minimize surface 
water infiltration. 

Concrete also could be considered as a surface barrier to prevent 
direct access to waste. The slab would need to be designed to 
withstand potential settlement that could result in cracking. A gravel 
layer likely would be used underneath the concrete for stress 
distribution. In addition, reinforcements could be installed to 
minimize cracking over the design life. 

Geomembranes include the number of commercially available 
synthetic materials that could be used to prevent surface water 
infiltration. The effective life of geosynthetics exposed to weather 
generally does not exceed 20 years. 

This process option is considered to be marginally 
effective in achieving the prqject RAOs. The soil 
cover would be susceptible to bioinmision and 
desiccation cracking, which will affect long-term 
effectiveness. Though asphalt is a flexible cover that 
can be designed to control surface water infiltration, 
environmental forces will degrade its integrity over 
time, and the cover would require periodic 
replacement. A concrete cover would prevent direct 
intrusion into the waste, but its rigid nature and 
potential for cracking hinders its ability to achieve 
RAOs; as such, a concrete cover is not considered 
an effective long-term protective barrier. 
Geomembranes also have limited effective lives 
when exposed to the environment and will require 
periodic replacement. 

This option is implementable. 
The engineered single-layer 
:over is a common, well- 
known process option that 
uses readily available 
materials. 

-'spital costs are expected to 
,e low to moderate in 
elation to other surface 
‘apping options. The O&M 
‘osts are expected to be 
ngh, requiring complete, 
ieriodic replacements. 

Screening Comments 

Kr1 1 n n l  

This option has not been 
retained as a stand-alone 
process option for long- 
term protectiveness due to 
its inability to maintain 
integrity for the 
performance period 
required at the SDA. 

Individual design elements 
(i.e., soil, asphalt, concrete, 
and geomembranes) have 
been retained as individual 
design elements for 
assembly into the 
multilayer cover process 
option. 

Process option has been 
retained for application as 
a short-term protective 
measure during 
implementation of remedial 
activities at the site. 
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Kemcrlial 
Technolog) 

iheet-pilinz 
Barrier 

n situ vitrification 
Barrier 

:round-freezing 
Barrier 

lkscriplion 

Steel sheet pile technology has evolved to address containment of 
contamination. Sheet piles are driven, vibrated, orjetted to depth and are 
constructed with sealable joints to reduce leakage through the sheet pile 
interlocks. The effectiveness of the sealablejomts, including the 
compatibility with waste, would need to be specifically evaluated. Sheet 
piles have been used for years in geotechnical applications. Sheet pile 
panels vary in thickness on the order of I cm. Depths up to 23 m (75 ft) 
are typically attamable, depending on the soil type and density Depths 
of 91.4 m (300 ft) are possible in unconsolidated deposits lacking 
boulders. 

In sihi vitrification uses electric heat to melt soil into a mass of fused 
glass similar to obsidian. For barrier wall construction, hvo or four 
electrodes inserted into the ground transmit currents to the soil until it 
melts. The electrodes then sink through the molten soil, advancing the 
melt zone downward. Panels of soil up to 13.7 m (45 ft) in diameter 
could be processed at a time. Each succeeding panel would overlap (i.e., 
melt into) the adjacent panel to increase the areal extent of the barrier. In 
sihi vitrification is a demonstrated technology for processing 
contaminated soil and buried wastes. 

A ground-freezing barrier is implemented by drilling rows of pipes to 
depth around the containment area. Cooled brine freezes the area 
between the pipes. A refrigeration plant cools the brine and keeps the 
system frozen. The refrigeration must be maintained for as long as the 
barrier is needed. Ground freezing has been used successfully for a 
number of applications, including drilled shaft construction in high 
water table areas (temporary applications). The barrier thickness is 
usually on the order of 9 to 12 m (30 to 40 ft). Depths up to 23 m (75 ft) 
are attainable, but would be limited by well-drilling capabilities. 

The sheet-piling barrier option is effective at 
minimizing migration of groundwater across the 
barrier. Permeabilities of I0 ' c d s  are achievable 
and I0 to I0 ' c d s  may be achieved, depending 
on the soil type. This option can be combined with 
slurry wall techniques for greater effectiveness. 

An ISV barrier may be effective at minimizing 
lateral infiltration ifused in combination with 
surface soil barriers to promote evapotranspiration. 
The barrier is impermeable to penetration by 
animals and plant roots. The final cooled product is 
very durable and impermeable except where 
frachired. In situ vitrification has not been used as a 
lateral barrier previously, though the technology has 
been investigated for such use." 

This option is potentially effective. lfproperly 
designed and operated, the process option would 
provide a strong, low-permeability barrier around 
the SDA. Advantages include the ability to him off 
the option in the future should new requirements or 
technologies become available. This option is 
currently implemented at ORNL for containment of 
Sr-90 in the HRE pond (DOE 1997). 

Sheet piling is a common 
technology using standard 
equipment and commercially 
available materials. Piling 
could be installed in the near 
surface soils within the SDA; 
however, penetration in the 
underlying basalt to achieve 
required design depth is 
questionable. Piling is not 
implementable around hot 
spots within a pit or trench 
because of difficulty driving 
piles through drums or other 
containers. 

This option is potentially 
implementable. The 
availability of ISV equipment 
is limited and may require 
prqject-specific fabrication 

This option is implementable. 
Required equipment is 
commercially available from 
experienced contractors. 
Process requires long-term 
commitment to the O&M 
Program. 

Capital costs are expected to 
be high in relation to other 
lateral barriers. Long-term 
degradation of the piling 
could require complete 
periodic replacement. 

Capital costs are expected to 
be high in relation to other 
lateral barriers. The O&M 
costs are expected to be low 
in relation to other lateral 
barriers due to the high 
durability of the melted 
zone. 

Capital costs are expected to 
be high in relation to other 
lateral barriers. The O&M 
costs are expected to be high 
in relation to other lateral 
barriers due to the long 
design life required. 

Screening Comments 

Not retained- 
implementability and cost 
:onsiderations. 

Not retained-process is 
not demonstrated for this 
ipplication. 

Not retained-high relative 
:spital and O&M costs. 

a J Hanscn. AMEC's GcoMclt Projcct Maiagcr for thc INEEL. tclcphonc mininunicatioii with rani Tliornm. CHZMHILL. January 12. 2001 
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'able B-1 (continued) 

Subsurface Block displacement 
iorizontal 
iarrier (in situ 
iner) 

lkscriplion 

Block displacement vertically displaces a large mass of earth with a 
low-permeability material. The technique forms a honzontal barrier 
below the surface by pumping slurry (usually a soil bentonite and water 
mixture) into a gridded series ofnotched injection holes. To create a 
horizontal barrier, high-pressure air is pumped through a notching 
nozzle extended to the bottom of a borehole drilled to the planned depth 
of barrier. The air displaces mud and groundwater. Then, sand is 
injected through the nozzle to erode a notch radially out from the base of 
the borehole. When the desired notch size has been created, slurry is 
pumped through the line until the entire notch and casing are tilled. 
Then, additional slurry is pumped under low pressure to lift the ground. 
The subsurface barrier thickness is generally on the order of 15 cm (6 
in.) to over 0.3 m ( I  ft). 

Block displacement is effective in certain geologic 
conditions; however, this technology is considered 
not applicable to the SDA due to the presence of the 
basalt layer, which immediately underlies the source 
term in some areas and the unconsolidated nature of 
the waste. A pilot test would be required to 
determine whether the zone beneath the waste could 
be adequately separated for grouting using air 
pressure or cutting techniques. 

The availability of this 
technology and experienced 
contractors is limited. The 
technology may not be 
implementable due to 
subsurface conditions within 
the SDA. 

Hetilthe CO\l 

Capital costs are prqjected 
to be high. If 
implementable, multiple 
applications of the 
technology would be 
required to cover disposal 
areas. 

Screening Comments 

Not retained-process is 
incompatible with basalt at 
the base of disposal areas 
and unconsolidated 
subsurface (waste) 
conditions. 
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1 C d I  

Yrocea% Option 

n situ vitrification 
h e r  

:round-freezing 
h e r  

lkscriplion 

In sihi vitrification potentially could produce a subsurface horizontal 
barrier as well as a lateral barrier if the technique involves injecting the 
starter path at depth and beginning the melt below the waste. For 
horizontal barrier construction, four electrodes would be inserted 
vertically in a square or rectangular configuration to a depth below the 
buried waste. With the application of electrical current to the electrodes, 
the subsurface starter path would melt and incorporate soil andlor basalt 
below the starter path into the melt. As the electrodes sink through the 
molten material, the melt zone would advance downward. Panels up to 
13.7 m (45 ft) in diameter could be processed at a time. Each successive 
melt would overlap (melt into) the previous panels, thereby expanding 
the ISV barrier until its areal objectives were met. 

A frozen ground barrier may be constructed to create a subsurface 
horizontal barrier similar to its use as a lateral barrier. Difficulty may 
arise from vertical drilling through the waste or horizontal drilling 
beneath the waste to install brine piping under central areas of the pits. 
Cooled brine is circulated to freeze the area between the pipes. A 
refrigeration plant cools the brine and keeps the system frozen. 
Refrigeration must be maintained for as long as the barrier is needed. 
The barrier probably would be I to 2 m (4 to 6 ft) thick with the 
attainable area limited by well drilling capabilities. A V-shaped 
subsurface containment could be created with horizontal drilling into the 
basakh 

4n in sihi vitrification liner probably is not fiilly 
:ffective at minimizing migration of leachates 
icross the barrier. Though the product is very 
lurable and impermeable, the large glass "plate" 
:rested will fracture to some extent as a result of 
;hrinkage upon cooling and the effects of seismic 
ictivities. The liner has not been used thus far as a 
;ubsurface barrier, though the vendor has indicated 
he viability of such use (Buelt et al. 1987). 

rhis option is potentially effective. lfproperly 
lesigned and operated, the process option would 
xovide a strong, low-permeability barrier around 
he SDA. The ground-freezing liner option is 
xirrently in use at ORNL.h Advantages include the 
ibility to turn off the option in the fuhire should new 
.equirements or technologies become available. 

In sihi vitrification has not 
been used to produce a 
subsurface barrier alone, 
though the subsurface planar 
configuration illustrates its 
potential feasibility. A 
treatability test would be 
required to determine 
implementability. 
Implementation issues are 
similar to those of ISV for 
processing buried waste. 

This option is potentially 
implementable. Required 
equipment is commercially 
available from experienced 
contractors. Brine piping 
would need to be installed in 
the basalt under the waste 
zone. This could be 
accomplished by drilling 
through the waste, coring 
through basalt, andlor 
horizontal The 
process is being implemented 
at O R N L . ~  Process requires 
long-term commitment to the 
O&M Program. 

Hetilthe CO%l 

'apital costs are expected to 
,e high. 

'apital costs are expected to 
,e high. The O&M costs are 
:xpected to be high in 
elation to other lateral 
)arriers due to the long 
lesign life required. 

Not retained-not 
demonstrated for this 
ipplication. 

Not retained-prqjected 
high capital and O&M 
:os& and difficulty with 
drilling options. 

b D Magmu. RKK Cryoccll. pursoiial mininunicatioii with Tarni Thomas. CHZMHILL. March 6. 2001 
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Permeationllow- 
pressure grouting 

Permeation grouting involves injecting low-viscosity grout formulations 
into the subsurface under gravity feed or low pump pressures. The grout 
permeates porous media and has been shown to encapsulate waste 
debris. Previously proven grouts include colloidal silica, polysiloxane, 
ultra-fine cement-based grouts, and polyacrylamide. 

This option is effective. Very low permeabilities can 
be achieved in porous homogeneous media. At 
heterogeneous sites, it is difficult to ensure 
consistent applications across the subsurface. 

This option is not 
implementable for most areas 
of the SDA. This process 
depends on the permeability, 
microstratigraphy, and 
porosity of the formation to be 
grouted and is most effective 
in media with homogeneous 
characteristics 
(Hayward Baker 2001). 

Capital costs are expected to 
be low in relation to other in 
sihi treatments. If properly 
designed, the grouted matrix 
would be stable in the SDA 
environment and, as such, 
O&M costs are prqjected to 
be minor. 

Not retained due to the 
extent of low-permeability 
soil in the SDA. 
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3hemical 
reatment 

11CdI 

Yrocea% Option 

In situ enhanced 
soil mixing 

Soil flushinz 

Chemical leaching 

Hydrolysis 

lkscriplion 

In sihi enhanced soil mixing is a process that has been used to remediate 
soils contaminated with VOCs, especially those of fine-grained nahire. 
A single-blade auger or a combination of augers ranging from I to 4 m 
(3 to 12 ft) in diameter is used to mix the soils. This process option is 
combined with a number of other process options to either remove or 
stabilize COCs in place. The four main options for soil mixing include 
( I )  combination with vapor extraction and ambient air injection, 
(2) vapor extraction and hot air injection, (3) hydrogen peroxide 
injection, and (4) grout injection for solidificationlstabilization. 

For this process, water is applied to the soil (sometimes with an additive 
to enhance contaminant solubility). Contaminants are dissolved into the 
pore water, extracted through wells, and then sent through a treatment 
train. Co-solvent flushing is an adaptation of soil flushing that uses a 
solvent mixture (e.g., water plus a miscible organic solvent such as 
alcohol). The target contaminant groups include inorganics (including 
radioactive contarninants), though VOCs, SVOCs, fuels, and pesticides 
also may be treated. The process is more applicable to coarse-grained 
soil conditions (FRTR 2001). 

Contaminated wastes are leached with appropriate leaching solution and 
the elutriate is collected in a series of shallow well points or subsurface 
drams. This process option is more commonly performed as an ex sihi 
technology, thereby eliminating concerns about toxicity of residual 
leachant. 

Hydrolysis is used to break down certain chemicals by reacting them 
with water. Many pesticides-including aliphatic halides, amides, 
carbonates, and othen-are susceptible to partial decomposition by 
hydrolysis (McBride 1994). Use of this mechanism for in sihi treatment 
is primarily related to biological processes, though it has been used for 
degradation of explosives and has been investigated for immobilization 
ofradioactive elements (Nash 2000). 

In sihi enhanced soil mixing is potentially effective 
at treating COCs, depending on the combination of 
processes used. With SVE, the mixing can be used 
to enhance stripping action. In sihi peroxidation 
oxidizes VOCs, while mixing cement grout under 
pressure can solidify the subsurface mass. However, 
the effectiveness of this technology in the SDA 
source term is questionable due to the presence of 
large metal debris and containerized wastes. 

The effectiveness of soil flushing is low. Water or 
co-solvent soluble COCs may be dissolved using 
this method. However, the low permeability of the 
SDA soil and relative insolubility of many 
contaminants would inhibit the effectiveness of this 
process option. 

Chemical leaching is moderately effective. While 
chemical leaching may result in the mobilization 
and removal of some COCs, the low permeability of 
the SDA soil and relative insolubility of 
contaminants such as Pu-02 would inhibit the 
effectiveness of this technology. 

Hydrolysis is potentially effective. While hydrolysis 
is a chemical mechanism that could reduce toxicity 
andlor mobility of certain COCs, with the exception 
of biologically mediated hydrolysis, this technique 
has not been proven as an in situ process. 

This option has a low 
implementability. Process 
option has not been 
demonstrated in buried waste 
environment contaming TRU 
waste and HLW. Site-specific 
designs are required to protect 
workers and prevent 
contaminant releases during 
implementation 

Soil flushing is not 
implementable. The process 
requires a flow of water 
through the waste. In addition, 
the potential contamination 
and nuclear criticality hazards 
could limit its acceptability. 

Chemical leaching is not 
implementable. As the bottom 
of the wastes are in contact 
with or close to the underlying 
frachired basalt, it would be 
difficult to collect the elutriate, 
which, if released, could 
further contaminate the vadose 
zone. 

More information is required 
regarding how the mechanism 
would be catalyzed and what 
reaction rates would be 
achievable for the COCs in the 
SDA. 

Hetilthe CO%l 

Capital costs are expected to 
be high in relation to other 
in Situ treatments. 

Capital costs are expected to 
be moderate in relation to 
other in sihi treatments 

Capital costs are expected to 
be high in relation to other 
in Situ treatments. 

Capital costs are expected to 
be moderate to high in 
relation to other in situ 
treatments. 

Screening Comments 

Not retained-process 
option is considered not 
implementable on buried 
wastes within the SDA. 

Soil flushing has not been 
retained due to the nahire 
of buried wastes and 
subsurface conditions 
within the SDA and risk 
associated with the 
mobilization of 
contaminants resulting 
from the addition ofwater 
to the source term. 

Not retained-risk 
involved with adding water 
andlor chemicals to the 
SDA. 

Not retained- process 
remains experimental in 
nature. 
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Kemcrlial 
Technolog) 

lhermal 
reatment 

<eduction/ 
ixidation 
nanipulation 

iteam injection1 
lpnamic 
inderground 
tripping 

lkscriplion 

Reductionloxidation reactions chemically convert hazardous 
contaminants (primarily metals) to less toxic andlor less mobile or inert 
compounds (CPEO 1998). Materials that can be injected into the 
subsurface to provide in sihi oxidation include iron filings (zero-valent 
iron) and potassium permanganate grout. In situ reductionloxidation 
manipulation creates a treatment zone in the subsurface for remediation 
of reductionloxidation-sensitive contaminants in groundwater, including 
chromate, uranium, technetium, some chlorinated solvents, and some 
explosive compounds. Aquifer sediments can be chemically manipulated 
(reduced) so that they become the reactive media. Numerous 
mechanisms are available for either reducing or oxidizing contarninants. 

In sihi hydrous pyrolysisloxidation oxidizes DNAPL through the 
injection of steam and oxygen in contaminated soils (WPI 1998). This 
process is described below under "Steam Injection." 

Steam mjection1DUS targets organics, especially SVOCs and fuels, but 
also can be used to recover some inorganics. Steam is injected into the 
subsurface through injection wells. Vaporized contarninants, air, and 
water are recovered with vacuum extraction wells and treated. The 
process has been used for years in the petroleum industry to enhance oil 
field production; its basic aspects are understood. It has been used for 
remediation at depths behveen I .5 and 36.5 m ( 5  and 120 ft). Dynamic 
underground stripping has also been used with bioremediation by 
injecting oxygen after the steam process to enhance microbial 
metabolism (CPEO 1998; DOE-IDIEM 1997). 

rhis option is potentially effective. 
7eductionloxidation reactions chemically convert 
iazardous contaminants to less toxic andlor less 
nobile or inert compounds. Gaseous reduction is 
ilso being tested on chromate-Contaminated sites. 

Steam mjection1DUS effectively vaporizes VOCs 
md SVOCs in environmental media so that the 
L'OCs can be recovered in an off-gas treatment 
rain. The process requires injected steam to contact 
he surfaces of contaminated soil particles and is 
herefore dependent on air conductivity of the 
xibsurface. The process has limited applicability in 
ine-grained materials or in waste zones with 
rregular permeabilities 

This option is moderately 
implementable. Process is not 
well tested on contaminants 
identified at the SDA. The 
wide variety of contaminants 
may work against this process, 
as some contarninants may 
immobilize on reduction, 
while others may mobilize. 

This option is potentially 
implementable. The process 
would need to be tested to 
demonstrate that the COCs 
would be adequately captured 
in the recovery and extraction 
system. In addition, 
evaluations would have to 
demonstrate that the steam 
would not act as a moderator 
that would increase the 
potential of a criticality event. 

'rocess is not cost effective 
'or high contaminant 
'oncentrations because of 
he large amounts of 
ixidizing agent required 
FRTR 2001). 

'apital costs are expected to 
)e moderate in relation to 
ither in sihi treatments. 

Screening Comments 

Not retained- process 
remains experimental and 
unproven on COCs at the 
S DA 

Not retained-process 
aption not conducive to 
waste configuration and 
fine-grained native soils. 
Process option could result 
in mobilization of 
:ontaminants from the 
iolirce term. 
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Slectrokinetic 
reatment 

3iologic 
reatment 

ued) 

Electrokinetic 
remediation 

In situ anaerobic 
bioremediation 

Electrokinetic remediation removes metal and radionuclide 
contaminants from the soil by applying a low-level direct current to the 
contaminated zone with electrodes placed in the ground. Electrokinetic 
remediation uses electromigration of ionic species and electro-osmosis. 
The process works in low-permeability soils, imposing a high degree of 
control of flow direction as ions move along electric field lines 
determined by electrode placement. Contaminants are extracted from the 
circulating electrolytes inside the electrodes. 

In sihi anaerobic biological degradation is generally used for particular 
contaminants that are not readily degraded by aerobic treatment, such as 
highly substihited aliphatics and highly chlorinated aromatics including 
tetrachloroethene, PCBs, and hexachlorobenzene. A typical anaerobic 
system injects an electron donor substrate into the subsurface 
(EPA 1999). Airflow into the treatment zone may need to be controlled 
so that anoxic conditions are maintained. 

Effectiveness depends on interfering chemicals and 
adequate current density (USACE 2000). 
Electrokinetic remediation may be effective in fine- 
grained soils where most extraction methods are less 
efficient (EPA 1999). 

In sihi anaerobic bioremediation can be effective at 
reducing highly substituted aliphatics and highly 
chlorinated aromatics and nitrates in groundwater 
and soils, depending on subsurface conditions. It 
may not be effective in low-permeability conditions 
or in containerized waste. This option is not well 
suited to fine-grained soils (CPEO 1998). 

This option is difficult to 
implement. Electrokinetic 
treatment is a relatively new 
process that has not been 
tested for buried waste. 
Field-scale test results for the 
U.S. Army were disappointing 
(USACE 2000). 

This option may not be 
implementable because of the 
difficulty in maintaming 
anoxic conditions at large 
scale and the need to inject 
electron donor substrate (such 
as acetate) into the subsurface, 
which may affect criticality 
potential. 

Capital costs are expected to 
be high in relation to other 
in Situ treatments. 

Capital costs are expected to 
be low in relation to other in 
sihi treatments 

Not retained- 
experimental and unproven 
for buried waste. 

Not retained-process is 
not well proven for site 
conditions. 
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Kemcrlial Yrocea% Option 
Technolog) 

In situ aerobic 
~ bioremediation 

lkscriplion 

In sihi aerobic biological treatment results in the transformation andlor 
mineralization of organic contaminants caused by the activities of 
naturally occurring or specifically engineered microorganisms. 
Depending on the microbial population and dominant processes, these 
activities can either break down organic contaminants or mobilize 
inorganic contaminants for removal. Microbes are affected by 
temperature, moishire, nutrients, and oxygen, which can be optimized to 
maximize treatment. Also, specific microbial organisms can be injected 
to target a particular contaminant. A typical system injects oxygen 
andlor other nutrients to enhance the growth of microbial populations. 
Aerobic degradation involves higher metabolic rates and is generally 
preferred over anaerobic systems. However, the process options may be 
combined to address particular contaminants that would benefit first 
from anaerobic degradation, then aerobic degradation (EPA 1999). 

This option can be effective at reducing certain 
aerobically degradable organics, as well as 
potentially mobilizing metals for recovery. Some 
chemicals may be degraded to more toxic products: 
trichloroethene to vinyl chloride (CPEO 1998). In 
sihi aerobic bioremediation may not be effective in 
low-permeability conditions or in containerized 
waste. 

ImylementrtI~ilil~ Hetilthe CO%l Screening Comments 

This option is moderately 
implementable, but is difficult 
to control, especially in fine- sihi treatments. conditions. 
grained soils (CPEO 1998). 
Treatability shidy would be 
required 

Capital costs are expected to 
be low in relation to other in 

Not retained-process is 
not well proven for site 
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